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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of 
BERGMANN ETAL 

Serial No. 09/889,094 Group Art Unit: Unknown 

Filed: July 11, 2001 Examiner: Unknown 

For: USE OF BLOCKING ANTI-TSN- 

RECEPTOR-ANTIBODIES IN THE 
THERAPY OF HYPERTHYREOSES 
AND MONOCLONAL ANTIBODIES 
FOR A USE OF THIS TYPE 

October 19, 2001 
PRELIMINARY AMENDMENT 

Hon. Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Please amend the above application as follows: 

IN THE TITLE 

Change the title to read as follows: 
USE OF BLOCKING ANTI-TSH-RECEPTOR-ANTIBODIES IN THE THERAPY OF 
HYPERTHYREOSES AND MONOCLONAL ANBITODIES FOR A USE OF THIS 
TYPE 



09/889094 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re PATENT APPLICATION OF 
Inventor(s): BERGMANN, Andreas et al 
Filed: Herewith 

Title: USE OF BLOCKING ANTI-TSN-RECEPTOR-ANTIBODIES IN THE THERAPY OF 
HYPERTHYREOSES AND MONOCLONAL ANTIBODIES FOR A USE OF THIS TYPE 



Please amend this application as follows: 
IN THE SPECIFICATION : 

O At the top of the first page, just under the title, insert 

~. [x] -This application is the National Phase of International Application 
H= PCT /EPQO / 01304 filed February 18,2000 which designated the U.S. 
and that International Application 

□ was £x] was not published under PCT Article 21(2) in English. -- 



July 11,2001 



PRELIMINARY AMENDMENT 



Hon. Commissioner of Patents 
Washington, D.C. 20231 



Respectfully submitted, 

PILLSBURY WINTHROP LLP 
Intellectual Property Group 




Attorney: Paul N. Kokulis 
Reg. No: 16773 



Tel. No.: (703)905-2118 
Fax No.: (703)905-2500 



AttyVSec. PNK/mhn 
1600 Tysons Boulevard 



McLean, VA 22102 
(703) 905-2000 



BERGMAN N ETAL 
Serial No. 09/889,094 



REMARKS 

A change to the title is being made by request of the applicants. 

It should also be noted that one of the inventors, Nils Gemot Morgenthaler, 

has changed his address to the following: 

Heiligenseestr. 121 F 
D-13503 Berlin 

Respectfully submitted, 

PILLSBURY WINTHROP LLP 



Paul N. Kokulis 
Reg. No. 16773 

PNK:mh 

1600 Tysons Boulevard 
McLean, Virginia 22102 
Phone: (703)905-2118 
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*" BERGMANN ET AL * 
Serial No. OQ/889,094 

APPENDIX 

Version with Markings to Show Changes Made 

IN THE TITLE 

The title has been changed to read as follows: 
USE OF BLOCKING ANTI-JTSN] TSH- RECEPTOR-ANTI BODIES IN THE 
THERAPY OF HYPERTHYREOSES AND MONOCLONAL ANBITODIES FOR A 
USE OF THIS TYPE 
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Inventor(s): BERGMANN, Andreas et al ' . (Atty. Dkt. 

Appln. No.: 09 / 889.094 or Patent No.: 0281523/3009 US AS/km 

Filed: July 11, 2001 or Issued.: M# / Client Ref. 

Title: USE OF BLOCKING ANTI-TSH-RECEPTOR-ANTI BODIES IN THE THERAPY OF HYPERTHYREOSES 
AND MONOCLONAL ANTIBODIES FOR A USE OF THIS TYPE 

SMALL ENTITY STATEMENT CLAIMING SMALL ENTITY STATUS 
(37 CFR 1 .9(d) and 1 .27 (c)) - SMALL BUSINESS CONCERN 

I hereby state that I am 

□ the owner of the small business concern identified below: 

0 an official of the small business concern empowered to act on behalf of the concern identified below: 
NAME OF CONCERN l>£^^ tfS V'^ho^'c^ Gynl// 

ADDRESS OF CONCERN jJc^et7</of^s/r- Z&< ^9<£^ Umty/fidbyJ, ^r^*/^ 

I hereby state that the above identified small business concern qualifies as a small business concern as defined in 1 3 
CFR 121.12, and reproduced in 37 CFR 1.9(d), for purposes of paying reduced fees under Section 41(a) and (b) of 
Title 35, United States Code, in that the number of employees of the concern, including those of its affiliates, does not 
exceed 500 persons . For purposes of this statement, (1) the number of employees of the business concern is the 
average over the previous fiscal year of the concern of the persons employed on a full-time, part-time or temporary 
basis during each of the pay periods of the fiscal year, and (2) concerns are affiliates of each other when either, 
directly or indirectly, one concern controls or has the power to control the other, or a third party or parties controls or 
hasihe power to-contrott)otrr ~ ~ 

I he reby state that rights under contract or law have been conveyed to and remain with the small business concern 

identified above with regard to the invention entitled: 

by iiRyentor(s ) described in 

xP¥ □ the specification filed herewith, 
oneii» Application No. 0 9/ 88909 filed July 11, 2001 
boxl> □ Patent No. , issued 

If the rights held by the above identified small business concern are not exclusive, each small entity individual, concern or organization having rights to the invention is listed in (A) 
and (Bfbelow and no rights to the invention are held by any person, other than the inventor, who could not qualify under 37 CFR 1 .9(c) as an independent inventor if that person 
had rfede the invention, or by any concern which would not qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e). 

(A) rt: FULL NAME of assignee/licensee/grantee/conveyee* 

il ADDRESS 

□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

(B) r".~ FULL NAME of assignee/licensee/grantee/conveyee* 

^ ADDRESS 

□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

'NOTE: Separate statement is required from each person, concern or organization named in (A) and (B) above having rights to the invention, averring to his/her/its 
status as a small entity. (37 CFR 1.27) 

I acknowledge the duty to file, in this case, notification of any change in status resulting in loss of entitlement to small entity status prior to paying, or at the time of paying , the 
earliest of the issue fee or any maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1 .28(b)) 

NAME OF PERSON SIGNING "%> r, rtln ofre&Z Jcr^V^^ r> h> 
TITLE OF PERSON OTHER THAN OWNER Wc^ TrcCc^^ / 
ADDRESS OF PERSON SIGNING X.oW <c 



SIGNATURE S~ ^^<^^> DATE £ ll^ 



PAT-140 12/97 
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jniaFeQMP^ ipT0 1 1 JUL 2(501 

APPLICATION UNDER UNITED STATES MTENT LAWS 



Atty.Dkt.No. PW 281523/3009 US AS/km 
(M#) 

Invention: U SE OF BLOCKING ANTI-TSN-RECEPTO R- ANTIBODIES IN THE THERAPY _QJL 

Jj gPFRTHYREOSES AND MONOCLONALANTI BODIES FOR A USE" OF TH IS TYPE 

Inventor (s): BERGMANN, Andreas 
STRUCK, Joachim 
MORGENTHALER, Nils Gemot 
JOHNSTONE, Alan P. 
SHEPHERD, Philip S. 

Pillsbury Winthrop LLP 
Intellectual Property Group 
1600 Tysons Boulevard 

McLean, VA 22102 

Attorneys 
Telephone: (703)905-2000 



This is a: 

□ Provisional Application 

□ Regular Utility Application 

□ Continuing Application 

£3 The contents of the parent are incorporated 
by reference 

£<] PCT National Phase Application 

□ Design Application 

□ Reissue Application 

□ Plant Application 

□ Substitute Specification 

Sub. Spec Filed 

in App. No. / 



□ Marked up Specification re 

Sub. Spec, filed 

In App. No l_ 
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The present invention relates to the use of blocking anti-TSH 
receptor antibodies in the therapy of hyperthyroidism, such as 
Graves' disease, i.e. for the treatment of, or for the preparation 
of drugs for the treatment of, such diseases, and monoclonal 
antibodies particularly suitable for such a use. 

It is known that numerous diseases in which the thyroid is involved 
are autoimmune diseases in which autoantibodies against molecular 
structures of the thyroid are formed and, in association with the 
disease, begin to act as autoantigens . The most important known 
autoantigens of the thyroid are thyroglobulin (Tg) , thyroid 
peroxidase (TPO) and in particular TSH receptors (TSHr) (cf. 
Furmaniak J. et al . , Autoimmunity 1990, Vol. 7, pages 63-80). 

The TSH receptor is a receptor which is localized in the thyroid 
membrane and to which the hormone TSH (thyroid-stimulating hormone 
or thyrotropin) which is secreted by the pituitary gland binds and 
thus triggers the secretion of the actual thyroid hormones, in 
particular of thyroxin. The TSH receptor belongs to the receptor 
family comprising the G-protein-coupled glycoprotein receptors having 
a large amino- terminal extracellular domain, to which the LH/CG 
receptor and the FSH receptor also belong. An elucidation of the 
chemical structure of the TSH receptor, i.e. of the sequence of the 
DNA coding for it and of the amino acid sequence of the receptor 
itself which is derivable therefrom, was achieved at the end of 1989 
(cf. Libert F. et al . , Biochem. Biophys. Res. Commun. 165: 1250-1255; 
Nagayama Y. et al . , Biochem. Biophys. Res. Commun. 165: 1184-1190; 
cf. also EP-A-0433509 and WO-A-91/09121 ; and WO-A-91/09137 ; WO-A- 
91/10735 and WO-A-91/03483 ; furthermore Yu j i Nagayama & Basil 
Rapoport in: Molecular Endocrinology, Vol. 6 No . 2, pages 145-156, 
and the literature cited therein) . 

Owing to the formation of autoantibodies against the TSH receptor 
(also generally abbreviated to TRAb) in the course of various thyroid 
autoimmune diseases, the determination of such autoantibodies is of 
considerable clinical importance, in particular for the diagnosis of 
Graves' disease. 

Apart from methods of determination in which experimental animals or 
special cell cultures play a role and are primarily of historical 
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interest today (cf. Schumm-Draeger et al . , Akt . Endokr. Stoffw. 10 
(1989) , pages 90-102) , it has been possible to date to determine TSH 
receptor autoantibodies essentially according to two basic methods 
(cf. Morgenthaler N.G. et al . , Horm. Metab. Res. 30 (1998), pages 
162-168) : 

In cell stimulation tests, the presence of stimulating TSH receptor 
autoantibodies, which are frequently referred to in the literature 
by the abbreviation TSHb or TSI (TSI = thyroid stimulating 
immunoglobulins) , manifests itself by the fact that specific 
functions of suitable cells which have natural or recombinant TSH 
receptors in their cell membrane and come into contact with TSH 
and/or with an autoantibody- containing sample are triggered or 
enhanced by stimulation, in particular the formation of cAMP (cyclic 
adenosine monophosphate) . Blocking TSH receptor antibodies (TBAb) can 
be detected from the decrease in the action of TSH. Since such 
bioassays are very complicated to carry out, their importance today 
lies not so much in the area of routine clinical diagnosis as in that 
of basic research. They are a valuable aid in the elucidation of the 
exact type of interaction between antibodies and the functional fine 
structure of the TSH receptor. Thus, the publication by N.G. 
Morgenthaler et al . in Horm. Metab. Res. 30 (1998), pages 162-168, 
describes how specific CHO cells which were transformed in such a way 
that they express the complete recombinant TSH receptor and which are 
referred to as JP09 CHO cells (Perret J et al . , Biochem Biophys Res 
Commun 1990 ; 171: 1044-50) can be successfully used for detecting and 
distinguishing from one another stimulating (TSAb) and/or blocking 
autoantibodies (TBAb) in unf ractionated sera or IgG fractions 
obtainable therefrom by purification and for determining the 
occurrence of said autoantibodies and their relative proportions in 
a biological sample. The methodology described in said publication 
is referred to below in the experimental section, and the entire 
content of this publication and the further publications stated 
therein as literature citations are hereby expressly incorporated by 
reference to supplement the present description and as further more 
detailed literature. 

Alternatively, TSH receptor autoantibodies (TRAb) can also be 
determined using competitive receptor binding assays, in particular 
radioreceptor assays, for example using the TRAK Assay® of 
B.R.A.H.M.S Diagnostika GmbH. For the determination of TSH receptor 
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autoantibodies by the conventional variant of this method, the 
autoantibodies to be determined and originating from a serum sample 
are allowed to compete in the liquid phase with a radiolabelled 
bovine TSH competitor for the binding sites of a detergent - 
solubilized porcine TSH receptor (cf. Southgate, K. et al . , Clin. 
Endocrinol. (Oxford) 20, 539-541 (1984); Matsuba T. et al . , J. 
Biochem. 118, pages 265-270 (1995); EP 719 858 A2 ; product 
information on TRAK-Assay® of B.R.A.H.M.S Diagnostika GmbH) . In order 
to determine the labelled TSH bound to the receptor preparation, 
after the end of the incubation the TSH receptor is separated from 
the liquid phase by means of a precipitating reagent and a subsequent 
centrifuging step. The determination of the receptor-bound labelled 
TSH is carried out by measuring the radioactivity bound in the 
sediment. Since the determination is based on competition between 
labelled TSH and the antibodies to be determined for common binding 
sites on the TSH receptor, this method determines all those 
autoantibodies, and only those autoantibodies, which actually compete 
with TSH. Such competing autoantibodies capable of inhibiting the TSH 
binding are also referred to in the literature as TBII (TBII = 
thyrotropin-binding inhibitory immunoglobulin) , and the extent of 
their activity is also stated as percentage so-called TBII activity. 

It has long been known that heterogeneous autoantibody populations 
of different compositions are formed in autoimmune diseases of the 
thyroid gland. The stimulating autoantibodies and the autoantibodies 
competing with TSH are identical only in some cases, i.e. there are 
stimulating autoantibodies which do not compete with TSH and there 
are also autoantibodies competing with TSH which do not have a 
stimulating effect. The heterogeneity of the autoantibody populations 
led to the situation where, with the earlier radioreceptor assays for 
detecting autoantibodies against the TSH receptor, such 
autoantibodies were detectable only in 80-90% of patients suffering 
from Graves' disease. Only with the modern receptor binding assays 
of the so-called "second generation", in which preparations of 
suitable recombinant human TSH receptors and selected monoclonal 
antibodies for immobilizing them are used instead of porcine TSH 
receptor preparations, are autoantibodies correctly detectable in 
substantially all patients (S. Costagliola et al . , J. Clin. 
Endocrinol. Metab. 84:90-97 (1999). 



It is generally known that stimulating autoantibodies (TSAb) which 
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are formed against the TSH receptor and interact with it so that the 
thyroid gland is stimulated, manifesting as hyperthyroidism, play a 
role in the thyroid autoimmune disease known as Graves' disease. A 
characteristic clinical concomitant symptom of Graves' disease which 
is not attributable directly to the hyperthyroidism is so-called 
exophthalmos (Graves' ophthalmopathy or GO) . The clinical sequels of 
this concomitant disease range from fairly cosmetic disorders 
(exophthalmos) to loss of sight. An assumption which is regarded as 
well founded and is therefore being thoroughly investigated at 
present is that the autoantibodies typical of the disease and 
responsible for stimulating the thyroid gland also bind to TSH 
receptors or variants or fragments thereof which have been detected 
in retrooccular tissue, which, through complex relationships, could 
lead to an immunogenic inflammation of the ocular muscle tissue and 
to the typical clinical picture of GO (cf . for example A. P. Weetman, 
Molecular and Cellular Endocrinology 126 (1997) 113-116) . 

There are furthermore known cases of hyperthyroidism which are 
connected to activating mutations of the TSH receptor (cf . Thyroid, 
Vol. 8, 1998, 559-564, and the relevant literature cited therein), 
in particular in the case of so-called autonomous thyroid adenoma. 

At present three possible treatments based on different principles 
are available for the treatment of Graves' disease: 

a) drug treatment with thiourea derivatives (e.g. carbimazole 
(INN) , methimazole ( thiamazole ; INN) ) ; 

b) partial destruction of thyroid tissue by administration of 
radioactive iodine and 

c) surgical removal of the thyroid tissue. 

In Germany, many European countries and Japan, drug treatment 
according to a) is the usual therapy for the first occurrence of 
Graves' disease. In special situations (for example large goitre, 
additional suspicions of autonomy) , it is also possible immediately 
to use one of the so-called definitive therapies according to b) or 
c) . In the USA, such therapy according to b) and c) tends to be the 
rule for historical reasons, and only very few patients (< 20%) are 
treated with drugs according to a) . 
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The drug therapy has advantages and disadvantages. The advantage is 
that, by the administration of drugs for a limited period, the 
patient can be brought into a state in which the thyroid function is 
normalized (euthyroidism) and Graves' disease goes into so-called 
remission. In the most favourable case, the patient requires no 
further medication after some time but still has a fully functioning 
thyroid gland, dispensing with a substitution therapy with thyroid 
hormones, as required after the definitive therapies according to b) 
and c) . 

These so-called definitive therapies lead in most cases to the 
absence of a fully functioning thyroid gland, and an often life-long 
substitution therapy with thyroid hormones is necessary to compensate 
the hypothyroidism caused thereby. 

A substantial problem in deciding on the correct therapy is the 
success to be expected. In principle, success is achieved with all 
three stated, currently known therapy forms, i.e. remission of the 
disease can be achieved for a very long time, perhaps even forever. 
In the case of a successful therapy according to a) , no additional 
therapeutic measures at all would then be necessary. In the case of 
b) and c) , however, the lacking thyroid hormones generally have to 
be supplied externally in the form of drugs. 

However, a common problem of all therapy forms is that so-called 
recurrence occurs more or less frequently. This means that, after a 
certain time after the presumed successful therapy, the disease 
breaks out again, which necessitates further therapeutic 
interventions. Although such recurrences can occur with all three 
therapy forms, the drug therapy according to a) is most frequently 
affected thereby. Thus, only about 50% of all patients suffering from 
Graves' disease can be brought into remission for a long subsequent 
period by administration of drugs (tablets) for one to two years. 

The drug therapy preferable per se owing to the retention of the 
thyroid gland has additional disadvantages. On the one hand, the 
effect of the drugs occurs only after a certain time since they 
substantially inhibit the synthesis of new hormones but not the 
release of hormones already formed and stored in the thyroid gland. 
It thus takes one to two weeks for an effect of the drugs to be 
evident. In the case of patients with high-grade disease (thyrotoxic 
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crisis), this can result in failure of the treatment. The 
administration of radioiodine results in a similar situation. Here 
too, the therapeutic effect occurs only after a delay. 

In addition, adverse reactions which require immediate 
discontinuation of the drugs (agranulocytosis) occur in a few 
isolated cases under drug treatment. If the patient still remains 
hyperthyroid, which as a rule is the case, there are only a few 
therapeutic possibilities. As a result of the adverse reaction of 
agranulocytosis (complete loss of white blood cells) , he is extremely 
susceptible to infection and is operable only to a limited extent. 
As a rule, it is therefore impossible to resort to the alternative 
therapeutic approaches b) and c) . In principle, there is therefore 
a need for further possible therapeutic treatments of Graves' 
disease, in particular for those which make it possible to retain the 
thyroid gland and to influence the course of the pathological 
process . 

The use of blocking antibodies against the TSH receptor according to 
Patent Claims 1 to 6 provides such a further possible therapy which 
could become established as a fourth therapy form alongside the 
existing therapeutic treatments and can offer considerable 
advantages, which will be discussed in more detail further below. 

Such a therapy is permitted by the fact that it was possible to 
prepare selectively blocking antibodies against the TSH receptor in 
the form of monoclonal antibodies and it was possible to show that 
these antibodies can actually eliminate the stimulating effect of 
thyroid- stimulating autoantibodies (TSAb) . 

The present invention therefore relates, according to Claims 7 to 9, 
also to those monoclonal blocking antibodies for which a possible 
preparation and a possible selection are described below in the 
experimental section and which are additionally made publically 
available as a precaution by deposition under the designations 
4E9/B2/C1 (DSM ACC2389) ; 4C1/E1/G8 (DSM ACC2390) ; 1B1/E10/B11/C12 
(DSM ACC2391) ; 7E3/F8/E3 (DSM ACC23 92 ) ; 3H10/A11/A1 (DSM ACC2393) on 
19.2.1999 at DSMZ, Braunschweig, by deposition according to the 
provisions of the Budapest Treaty. 

Blocking antibodies binding to the TSH receptor can be produced and 
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selected in the form of monoclonal antibodies according to the 
procedure described in the experimental section, in particular after 
the relatively short amino acid sequence of the extracellular domains 
of the TSH receptor, to which blocking antibodies of this type or 
specific, very effective antibodies of this type, bind, have been 
identified . 

As also described in more detail in the experimental section, it was 
possible to show that, in the bioassay characterized at the outset 
and using JP09CHO cells, the simultaneous addition of such monoclonal 
antibodies can selectively suppress the stimulation of these cells 
by TSH, detectable from the cAMP formation. 

The same applies where the stimulation of said cells in the bioassay 
is effected not by TSH but by addition of sera of patients suffering 
from Graves' disease and having a high titre of stimulating 
autoantibodies (TSAb) . 

The availability of such selective blocking antibodies against the 
TSH receptor makes it possible to consider a novel therapy of Graves' 
disease, which is characterized by the use of such blocking 
antibodies or the use of such antibodies for the preparation of drugs 
and the administration of such drugs, usually by injection or 
infusion. 

The following may be mentioned as advantages of such a therapy with 
blocking antibodies : 

a) It is to be expected that a rapid inhibition of the stimulation 
of the TSH receptor is achievable by administering the blocking 
antibodies, which bind rapidly and with high efficiency to the 
TSH receptor and block it . 

b) The therapy of Graves' disease takes place directly at the 
place of action of the disease and is thus to be regarded as 
an aetiological therapy. 

c) The therapy with the antibodies can also be used in the case 
of seriously ill patients for whom the therapy forms known to 
date fail, without the reservation in such cases about the 
known therapy form being applicable. 
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d) Since the target organ of the autoimmune attack can be 
stabilized by the blocking antibodies, a reduction of the 
autoimmune process appears to be within the range of 
possibilities, in analogy to observations of the possibilities 
of influencing autoimmune processes in other organs. 

e) As in the case of the drug treatment, the therapy can be 
carried out for a limited time with the option of complete 
remission and retention of the organ. 

From the point of view of the principle of action, there are unlikely 
to be any serious adverse reactions. 

The above advantages will be explained in somewhat more detail. 

The therapeutic approach using antibodies which block the TSH 
receptor promises immediate therapeutic success without the delays 
observed on administration of drugs or radioiodine . The 
administration of blocking antibodies appears possible even when 
immediate surgery on a hypothyroid patient is unsuitable. It may 
therefore be the only option for rapid normalization of the metabolic 
condition . 

In isolated cases where the drug therapy results in agranulocytosis 
and there are at the time no further possibilities for therapeutic 
intervention, the use of blocking antibodies may represent a novel 
alternative treatment which may be life-saving under certain 
circumstances . 

Since the action of stimulating autoantibodies on the TSH receptor 
is the cause of most clinical symptoms in Graves' disease, the 
therapeutic administration of blocking antibodies which compete with 
these pathological stimulating autoantibodies provides the unique 
opportunity for fighting the course of the pathological process 
directly at the site of the disease. Such a procedure with 
therapeutic intervention where a disease has its origin is only very 
seldom possible. 

A further advantage is the expected possibility that the therapy with 
blocking antibodies has to be carried out only for a limited time, 
and that the thyroid is retained after the end of the therapy. It is 
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known that, in many cases of Graves' disease, the autoimmune process 
is of limited duration, i.e. the disease subsides after some time in 
many cases. The administration of blocking antibodies makes it 
possible to bridge the acute phase of the disease with clinically 
relevant symptoms, i.e. is of temporary character similarly to the 
current drug therapy. 

There is moreover reason to hope that the administration of blocking 
antibodies has an immunomodulatory effect and can lead to a decline 
in or even curing of the autoimmune process . The blocking of the 
action of the pathological stimulating antibodies and also the 
blocking of the physiological TSH put the thyroid gland completely 
out of action. When the thyroid gland is put out of action in this 
way, where its metabolism is greatly reduced, the result is reduced 
expression of antigens or MHCII molecules, which in turn can lead to 
reduced stimulation of the immune system and to a weakening of the 
immune response. 

Observations made in the case of other autoimmune diseases indicate 
that such hope is reasonable. Thus, in the case of the autoimmune 
disease of diabetes mellitus type I, it was shown that the early 
administration of insulin, making it possible to reduce the 
endogenous insulin production, is advantageous in a group of patients 
with a relatively slow course of the disease (cf. Kobayashi et al . , 
Diabetes 45, 622 (1996)) . The early insulin administration leads to 
protection of the insulin-producing cells of the Langerhans' islets, 
which are less active and are less rapidly destroyed by the 
autoimmune attack and can thus produce endogenous insulin for a 
longer time. It may be assumed that putting the thyroid gland out of 
action by means of blocking antibodies can have similar positive 
effects . 

Furthermore, it is reasonable to hope that the administration of the 
blocking antibodies can also have a direct positive effect on the 
immunogenic inflammation which is responsible for the concomitant 
symptom of Graves' disease, Graves' ophthalmopathy (GO) . It has not 
been possible to date to treat GO aetiologically . In addition to 
purely symptomatic treatments with, for example, tinted spectacles 
and eye drops, more aggressive treatments are used in severe cases, 
in particular in the form of drug therapy with glucocorticoids, high- 
voltage irradiation of the orbits or surgical decompression of the 
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orbits. However, the successes of the above-mentioned therapies are 
unsatisfactory. Before such a therapy can be used at all, however, 
the patient should in any case be euthyroid. Establishing a euthyroid 
metabolic condition by blocking antibodies according to the present 
invention therefore also supports the therapy of GO, and the early 
administration of such antibodies to patients suffering from Graves' 
disease could also have a prophylactic effect on the development of 
the ophthalmic symptoms of GO. 

The blocking antibodies can also be used for the treatment of 
specific hyperthyroidisms which are not, as in the case of Graves' 
disease, based on stimulation of the thyroid gland by autoantibodies 
but on overstimulation of the thyroid gland by TSH. For example, 
hyperpituitarism with increased TSH secretion owing to a pituitary 
adenoma may be mentioned here. 

The treatment of hyperthyroidism associated with activating mutations 
of the TSH by means of the blocking antibodies to be used according 
to the invention also appears promising. In particular, the 
observation that the blocking antibodies not only reduce the thyroid 
function in the presence of stimulating autoantibodies but a 
reduction in the thyroid function occurs also in normal persons is 
of importance here (cf. Fig. 2 of the present application, in 
particular of the value for the controls in the presence of the 
antibodies 7E3 and 3H10 in comparison with the control without 
antibodies and the values for the normal sera in Fig. 3) . 

There are no particular reservations about a therapy with blocking 
antibodies. There is extensive clinical experience with therapies 
using antibodies, which in principle are to be regarded as natural 
substances. It is furthermore known that blocking antibodies, as are 
to be used in the novel therapy, occur in many patients suffering 
from Graves' disease without the occurrence of such blocking 
antibodies being correlated with any effects which are adverse to 
health. 

The blocking antibodies whose preparation and properties are 
described in the experimental section are not human antibodies but 
animal (mouse) antibodies, owing to the hybridoma technique used. 
Said animal antibodies cannot usually be used directly for therapy 
in human medicine. However, it is now one of the established 



- 11 - 



techniques to "humanize" such animal antibodies for use in human 
medicine (cf . for example B.R. Glick, J.J. Pasternak, Molekulare 
Biotechnologie [Molecular Biotechnology] , Spektrum Akademischer 
Verlag Heidelberg, Berlin, Oxford, 1995, page 243 et seg.) . The 
variable Fv fragments of the animal antibodies are coupled with the 
constant domains and Fc fragments of human antibodies, which results 
in such humanized (or chimeral) antibodies no longer being recognized 
as foreign structures and attacked by the human immune system. 

The blocking antibodies whose isolation and preparation are described 
in the experimental section and with which it is demonstrated that 
they are capable of eliminating the effects of TSH and stimulating 
antibodies (TSAb) are blocking monoclonal antibodies having specific 
properties. Owing to their specificity and high affinity for the TSH 
receptor, they currently appear to be particularly suitable, in 
humanized form, for use according to the invention for the therapy 
of Graves' disease. However, this is not intended to exclude from the 
present invention the use of other antibodies having a blocking 
action in the same sense against the TSH receptor. Thus, it is not 
ruled out that there are blocking antibodies which have comparable 
properties, bind to other amino acid sequences of the TSH receptor, 
in particular its extracellular domain, and can therefore likewise 
be used. Furthermore, it is also possible to use polyclonal 
antibodies which bind with the same effect to one or more sequences 
of the TSH receptor. The antibodies may furthermore be animal or 
humanized animal antibodies but may also be human antibodies which 
were obtained, for example, by selective isolation from suitable 
patients' sera, or human monoclonal antibodies, as can be prepared, 
for example, by the technique of so-called EBV transformation (cf . 
N.G. Morgenthaler et al . , J. Clin. Endocrinol. Metab. 81: 3155-3161, 
199S) . Such antibodies can also be used in the form of their 
fragments binding specifically to the TSH receptor, for example Fab 
or Fab' fragments without a Fc part. Furthermore, the antibodies or 
antibody fragments can also be used in the form of suitable 
conjugates, bound to carrier molecules, which may be inert but which 
can also perform additional therapeutic functions. Mixtures of 
different such antibodies, for example combinations of different 
monoclonal antibodies, can in principle also be used. 

The blocking antibodies to be used according to the invention are 
those which eliminate the action of TSH and stimulating TSH receptor 
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autoantibodies by binding to the extracellular part of the TSH 
receptor. They have a sufficiently high affinity to the TSH receptor 
in order, in concentrations suitable for therapeutic use, 
successfully to displace or to keep away TSH and stimulating 
autoantibodies from this TSH receptor. 

The autoantibodies to be used according to the invention are 
administered in a form typical for antibody therapies. Usually, 
injection solutions, if required infusion solutions, which contain 
the blocking antibodies intended for the treatment in an aqueous, 
physiological vehicle medium are provided. The medium may contain the 
protective or stabilizing additives customary for such media and 
optionally also nutritional additives or additives promoting the 
success of the treatment in another way. The presence of further 
active substances, in particular those influencing the immunological 
process, is expressly regarded as a possible embodiment of the use, 
according to the invention, of blocking antibodies for the treatment 
of Graves' disease. 

The amount and concentration of the blocking antibodies to be 
administered, which is required or recommended for an individual 
treatment, is optionally to be established while taking into account 
the individual pathological condition of the patient. Thus, severe 
symptoms or high titres of TRAb may require the use of larger amounts 
and higher concentrations of the antibodies to be used according to 
the invention than less pronounced symptoms with lower autoantibody 
titres. Suitable amounts and concentrations can be determined 
empirically from observation of the success of therapy, without 
particular problems being expected in this respect. 

The invention is further explained below by means of experimental 
results which describe the production, isolation and, with reference 
to three figures, the testing of monoclonal blocking antibodies 
against the TSH receptor, as can be made the basis of the uses 
according to the invention, if required after humanization known per 
se . 

In the Figures : 



shows the specific suppression of the cAMP formation 
of JP09 CHO cells by five monoclonal blocking 
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antibodies in the presence of bovine TSH in the 
bioassay; 

shows the specific suppression of the cAMP formation 
of JP0 9 CHO cells by two monoclonal blocking 
antibodies in the presence of 4 Graves' disease sera 
in the bioassay; and 

shows the specific suppression of the cAMP formation 
of JP0 9 CHO cells by one monoclonal blocking 
antibody in the presence of 21 Graves' disease sera 
and of the LATS standard in the bioassay. 

Production and characterization of monoclonal blocking antibodies 
against the human TSH receptor 

The production, selection and characterization of monoclonal 
antibodies which can be used according to the invention against the 
human TSH receptor was carried out substantially with the use of 
previously described materials and techniques . A detailed description 
of such materials and techniques has been replaced in the 
experimental section below by reference to the relevant publications, 
in so far as comprehension and reworkability are not seriously 
impaired thereby. 

Immunization and production of hybridomas 

The extracellular domain (ECD) of the human TSH receptor (amino 
acids 1-415) was prepared in the form of a fusion protein with 
glutathione-S-transf erase in a procaryotic expression system 
(cf. Harfst, E. et al . , J. Mol . Endocrinol. 9, 1992, pages 227- 
236) . 

BALB/c mice were immunized with the procaryotically expressed 
ECD glutathione-S-transf erase fusion protein obtained, and the 
preparation and cloning of hybridomas were carried out as 
described in more detail in Johnstone, A. P. et al . , Mol. Cell. 
Endocrinol. 105, 1994, R1-R9. 



Figure 3 



The supernatants of the cloned hybridomas were screened by 
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means of flow cytof luorimetry according to the procedure which 
is likewise described in Johnstone, A. P. et al . , Mol . Cell. 
Endocrinol. 105, 1994, R1-R9, the previously described cell 
lines "FLD4" and "FLEA. 2" being used as binding reagents. These 
cell lines are derived from transformed CHO-K1 cells and 
express different amounts of the functional human TSH receptor 
of full length, coupled to adenylatecyclase , the multipliable 
glutamine synthetase expression being used, as described in 
detail in Harfst, E. et al . , Mol. Cell. Endocrinol. 83, 1992, 
pages 117-123, and Harfst, E., Johnstone A. P., Anal. Biochem. 
207, 1992, pages 80-84. 

Purification of monoclonal antibodies 

Hybridomas were grown in spinner cultures in UltraDoma-PF (Bio- 
Whittaker, Walkerville, Maryland, USA) , containing 2% of FCS 
and 10 0 IU/ml of streptomycin. Antibodies were isolated from 
the supernatants of the tissue cultures by means of affinity 
chromatography on protein A (using the high salt and pH buffer 
modifications suitable for IgGl) , as described in Johnstone, 
A. P., Thorpe, R. , 1996, Immunochemistry in Practice, 3rd 
Edition, Blackwell Science Ltd., Oxford. 

Characterization of the antibodies of various hybridomas 

The antibodies were investigated for their binding behaviour 
with respect to the recombinant hTSH receptor by 
immunoprecipitation with cells of recombinant cell lines 
expressing the hTSH receptor after the in vivo labelling of the 
receptor protein with [ 35 S] -methionine, and furthermore by 
immunoblotting (or protein blotting) with the extracellular 
domain of the hTSHR (cf. Harfst E. et al . , J. Mol. Endocrinol. 
9, 1992, 227-236) . In the immunoblotting, the blocked membranes 
were incubated with extracellular domains of the hTSH receptor 
for 1-2 h in hybridoma culture supernatant, diluted to a 
quarter in 200 mM NaCl, 50 mM Tris-HCl, pH 7.4, and then 
washed. Bound antibodies were detected by means of a second 
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antibody (peroxidase conjugate of an anti-mouse immunoglobulin) 
and of a commercial chemiluminescence system and were selected 
on the basis of their reaction with the recombinant hTSH 
receptor. 

The selected monoclonal antibodies were characterized in more 
detail by means of a cAMP bioassay (Page, S.R. et al . , J. 
Endocrinol. 126, 1990, pages 333-340) and in a radioligand 
assay with regard to their ability to compete with 
radiolabelled bovine TSH for the hTSH receptors expressed by 
the cell lines " FLD4 " and "FLEA. 2" (see above) (cf . Harfst, E. 
et al . , Mol . Cell. Endocrinol. 83, 1992, pages 117-123, and 
Harfst, E., Johnstone, A. P., Anal. Biochem. 207, 1992, pages 
80-84) . For this purpose, hybridoma culture supernatant s or the 
IgG fractions obtained therefrom by purification (purified 
monoclonal antibodies) and radiolabelled bovine TSH were 
incubated with said cells, after which the radioactivity bound 
thereto was determined. The antibodies investigated inhibited 
the TSH binding. 

Determination of the associated antibody-binding epitopes of 
the hTSH receptor 

The binding sites (epitopes) of the selected monoclonal 
antibodies on the extracellular domain of the hTSHR were 
determined more exactly using a large number of overlapping 
short synthetic partial peptides from the ECD of the hTSH 
receptor on cellulose membranes with the aid of a commercial 
kit (SPOTS kit, Genosys) . 

It was found that all antibodies selected on the basis of their 
binding to the hTSH receptor reacted with amino acid sequences 
from the range of the amino acids 335-390 of the human TSH 
receptor, and that moreover none of the antibodies in the cAMP 
bioassay stimulated the cAMP formation of recombinant hTSHR 
cell lines. Five selected antibodies from stable hybridomas 
reacted with a short peptide sequence comprising the four amino 
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acids 381-384 of the human TSH receptor (FTSH or Phe Asp Ser 
His) , it being possible to strengthen the binding obtained if 
the short peptides additionally have up to three of the 
adjacent amino acids 385 to 387 (YDY or Tyr Asp Tyr) or 378 to 
3 81 (LQA or Le Gin Ala) . Those of the selected antibodies which 
have the highest affinities for the hTSH receptor exhibited 80- 
90% inhibition of the binding of the radioactive bovine TSH at 
1 ptg/ml and still more than 50% at 0.1 /ig/ml in the above- 
mentioned competitive radioligand assay. 

Agents which can make it considerably easier to identify, in 
hybridoma supernatant s of clones obtained in the reworking of 
the above-mentioned procedures, those monoclonal antibodies 
which have suitable binding behaviour in the context of the 
present invention are now also available in the form of 
suitably labelled or immobilized peptides which correspond to 
the above-mentioned sequence 378-387 or a partial sequence 
thereof . 

Inhibition of the binding of TSAb from sera of patients 
suffering from Graves 7 disease 

Five monoclonal antibodies which were produced in the 
experiments described above, which bind to the above-mentioned 
amino acid sequence 3 81-384 of the hTSH receptor and which are 
denoted below by 1B1, 7E3 , 4E9, 3H10 and 4C1 were investigated 
with regard to their suitability for suppressing the binding 
of bovine TSH and of stimulating autoantibodies from the sera 
of patients suffering from Graves' disease to a recombinantly 
expressed hTSH receptor, detectable from stimulation of the 
cAMP production, in the bioassay mentioned at the outset (N.G. 
Morgenthaler et al . in Horm. Metab. Res. 30 (1998), pages 162- 
168) . 

For this purpose, JP09 CHO cells were incubated in each case 
with 1 fiU (Fig. 1, black bar) or 10 /xU (Fig. 1, white bar) of 
bovine TSH per well and with the addition of the respective 
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antibody to be tested. Another type of antibody (against 
glutamate decarboxylase; GAD) , which showed no activity at all, 
was also used as a control. The results are shown in Fig. 1, 
and it is clear that all five antibodies investigated suppress 
the stimulation of the cAMP production. 

The experiment was repeated with the antibodies 7E3 and 3H10 
and two antibodies of other types (GAD; CT21) , but, instead of 
the bovine TSH, sera from 4 different patients suffering from 
Graves' disease were used for stimulating the cAMP production. 
The results are shown in Fig. 2. It is clear that the formation 
of cAMP is substantially suppressed in the presence of the 
antibodies 7E3 and 3H10. 

In a further experiment, the suppression of the cAMP production 
by the antibody 7E3 in the presence of five normal sera (N) , 
21 sera from patients suffering from Graves' disease (P) and 
LATS (international standard - long acting thyroid stimulator) 
was determined in the same bioassay. For comparison, the 
results were measured again in the presence of another type of 
antibody (CT21; monoclonal antibody against procalcitonin) . The 
results are shown in Fig. 3. Once again, it is clear that the 
antibody 7E3 effectively suppresses the formation of cAMP in 
20 out of 22 cases. 

With regard to the possibility of using blocking antibodies to 
treat hyperthyroidism on the basis of activating mutations, 
reference is made to the values for the control sera and normal 
sera in Figures 2 and 3, respectively: in all cases, the cAMP 
production of the test cells in the presence of the blocking 
antibodies was noticeably reduced in comparison with antibody- 
free sera or compared with sera containing antibodies "of 
another type" . This indicates that the blocking antibodies have 
an effect which goes beyond the pure prevention of the 
stimulation of the thyroid by TSH or stimulating 
autoantibodies . 



Patent Claims 



1 . Use of blocking antibodies against the human TSH receptor 
(hTSH receptor) or their specifically binding fragments for the 
treatment of hyperthyroidism which is attributable to 
stimulating autoantibodies against the hTSH receptor (Graves' 
disease) or overstimulation of the thyroid gland by endogenous 
TSH or to activating mutations of the hTSH receptor, and for 
the treatment of Graves' ophthalmopathy. 

2 . Use of blocking antibodies against the human TSH receptor 
(hTSH receptor) or their specifically binding fragments for the 
preparation of drugs for the treatment of hyperthyroidism which 
is attributable to stimulating autoantibodies against the hTSH 
receptor (Graves' disease) or overstimulation of the thyroid 
gland by endogenous TSH or to activating mutations of the hTSH 
receptor, and for the treatment of Graves' ophthalmopathy. 

3 . Use according to Claim 2 for the preparation of drugs to 
be administered by injection or infusion. 

4. Use according to any of Claims 1, 2 and 3, in which that 
blocking antibody against the hTSH receptor which is to be used 
is a monoclonal antibody which recognizes a short peptide 
sequence which comprises the amino acids FDSH (Phe Asp Ser His) 
and optionally additional flanking amino acids from the 
extracellular domain of the hTSH receptor. 

5. Use according to any of Claims 1, 2, 3 and 4, in which the 
blocking antibody to be used is a monoclonal human or animal 
antibody or a humanized monoclonal animal antibody. 

6. Use according to any of Claims 1 to 5 , in which the 
blocking antibody to be used is selected from one or more of 
the antibodies which are produced from hybridoma cells 
deposited on 19.2.1999 under the following designations at the 
DSMZ, Braunschweig, according to the Budapest Treaty: 4E9/B2/C1 
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(DSM ACC2389) ; 4C1/E1/G8 (DSM ACC2390) ; 1B1/E10/B11/C12 (DSM 
ACC2391) ; 7E3/F8/E3 (DSM ACC23 92 ) ; 3H10/A11/A1 (DSM ACC23 93 ) . 

7. Monoclonal antibodies against the hTSH receptor, having 
properties which block the binding of TSH and/or stimulating 
autoantibodies with the hTSH receptor, which is characterized 
in that it recognizes a short peptide sequence which comprises 
the amino acids FDSH (Phe Asp Ser His) and optionally- 
additional flanking amino acids from the extracellular domain 
of the hTSH receptor, and fragments or conjugates having its 
specific, antigen-binding binding properties. 

8. Monoclonal antibody according to Claim 6, characterized 
in that it is a humanized monoclonal mouse antibody. 

9 . Monoclonal antibody which is produced from one of the 
hybridoma cells deposited under the designations 4E9/B2/C1 (DSM 
ACC2389) ; 4C1/E1/G8 (DSM ACC2390) ; 1B1/E10/B11/C12 (DSM 
ACC2391) ; 7E3/F8/E3 (DSM ACC2392) ; 3H10/A11/A1 (DSM ACC2393) 
at DSMZ, Braunschweig, according to the Budapest Treaty on 
19.2.1999. 
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Ipansact all business in the Patent and Trademark Office connected therewith and with the resulting patent, and I hereby authorize them to delete from that Customer No. 
names of persons no longer with their firm, to add new persons of their Firm to that Customer No., and to act and rely on instructions from and communicate directly with 
the person/assignee/attorney/firm/ organization who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full 
Sjsclosure to be represented unless/until I instruct the above Firm and/or an attorney of that Firm in writing to the contrary. 




lIMllllllll 



(1) INVENTOR'S SIGI 



Date: \^L2^ 1 ZCO.sf 



Name | Andreas | | BERGMANN ^ ' 




First Middle Initial 


Family N'srne 


Residence | BERLIN £>&Y I GERMANY 


| GERMANY 




City State/Foreign Country 


Country of Citizenship 


Mailing Address 


Baumlauferweg 47, Berlin, Germany 


(include Zip Code) 


D-12351 /\ 


(2) INVENTOR'S SIGNATURE: ( Ji „ L^<rl^t^ Date: 


/f* \tl0A 


Name | Joachim / / " | I STRUCK 




L/First Middle Initial 


Family Name 


Residence L BERLIN | GERMANY 


| GERMANY 




City State/Foreign Country 


Country of Citizenship 


Mailing Address 


Hoisteinische Stra&e 28. Berlin, Germany 


(include Zip Code) 


D-12161 



FOR ADDITIONAL INVENTORS see attached page. 
□ See additional foreign priorities on attached page (incorporated herein by reference). 

Atty. Dkt. No. P 0281523 



(M#) 
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PAT-116CN6/01 



DECLARATION AND PC-VVER OF ATTORNEY 



(3) INVENTOR'S SIGNATURE: ^ 


/if I 4 

w lA 


y (continued) 
( ADDITIONAL INVENTORS: 

friAlii A I „ . 
^j/v^JsJ Date: 


A7 // 

* ' T f O f V * 


1 Nils 




/ | Gemot | MORGENTHALER 




^'ni^iihT First 


Middle Initial "* c 


Family Name 


Residence | BERLIN 




| GERMANY 


| GERMANY 




City 


State/Foreign Country 




Mailing Address 


Wi?ndff?hTirhotr. 1, Berlin, Germany Htih'l eu S<4$fif~- 


J If FT 


(include Zip Code) 


D-42000- 






(4) INVENTOR'S SIGNATURE: 


a 


f Date: 


i <Df of 


| Alan 




'| P. | JOHNSTONE 




m^mm^lm First 


Middle Initial "' "~~ ' 


Family Name 


Residence | SURREY 




| GREAT BRITAIN 


j GREAT BRITAIN 




City 


StateyForeign Country 


Country of Citizenship 


Mailing Address 


55 Anne Boleyn's Walk Cheam, Surrey, Great Britain 


(include Zip Code) 


SM3 8DE 


I J 




(5) INVENTOR'S SIGNATURE: 




J^^-y^^-^^-^-^ t Date: 




| Philip 


/A 


| S. | SHEPHERD 






First 


~" 'Middle Initial 


Family Name 


lesidence | SURREY 




| GREAT BRITAIN 


| GREAT BRITAIN 




City 


State/Foreign Country 


Country of Citizenship 


failing Address 


187 Banstead Road, Carshalton Beeches, Surrey, Great Britain 


: (include Zip Code) 


SM5 4DP 


I 




(6) INVENTOR'S SIGNATURE: 




Date: 




~ 1 II 




First 


Middle Initial 


Family Name 


yiesidence | I 1 




City 


State/Foreign Country 


Country of Citizenship 


bailing Address 




^include Zip Code) 




I 




Ug) INVENTOR'S SIGNATURE: 




Date: 




1 i 1 




First 


Middle Initial 


Family Name 


Residence | I 1 




City 


, . ■ State/Foreign Country 


Country of Citizenship 


Mailing Address | 


" (include Zip Code) 




I 
i 




(8) INVENTOR'S SIGNATURE: 




Date: 




1 1 1 




First 


Middle Initial 


Family Name 


Residence | 1 1 




City 


State/Forekjn Country 


Country of Citizenship 


Mailing Address 




(include Zip Code) 




I 




(9) INVENTOR'S SIGNATURE: 




Date: 




1 1 1 




First 


Middle Initial 


Family Name 


Residence | 1 1 




City 


State/Foreign Country 


Country of Citizenship 


Mailing Address 




(include Zip Code) 




I 
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Rule 56(a) & (b) = 37 C.F.R. 1.56(a) & (b) 
PATENT AND TRADEMARK CASES - RULES OF PRACTICE 
DUTY OF DISCLOSURE 

(a) ... Each individual associated with the filing and prosecution of a patent application has a duty of candor and 
good faith in dealing with the [Patent and Trademark] Office, which includes a duty to disclose to the Office all 
information known to that individual to be material to patentability... (b) information is material to patentability 
when it is not cumulative and (1) It also establishes by itself, or in combination with other information, a prima 
facie case of unpatentability of a claim or (2) refutes, or is inconsistent with, a position the applicant takes in: (i) 
Opposing an argument of unpatentability relied on by the Office, or (ii) Asserting an argument of patentability 

PATENT LAWS 35 U.S.C. 

§102. Conditions for patentability; novelty and loss of right to patent 

A person shall be entitled to a patent unless— 

(a) the invention was known or used by others in this country, or patented or described in a printed publication in this 
or a foreign country, before the invention thereof by the applicant for patent or 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of the application for patent in the United States, or 

-(e) -he-has abandoned the invention, or 

rfd) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by the 
applicant or his legal representatives or assigns in a foreign country prior to the date of the application for patent 
X in this country on an application for patent or inventor's certificate filed more than twelve months* before the filing 
5; of the application in the United States, or 

:fjb) the invention was described in a patent granted on an application for patent by another filed in the United States 
U before the invention thereof by the applicant for patent, or on an international application by another who has 
fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention thereof 
Hfi by the applicant for patent, or 

Mf) he did not himself invent the subject matter sought to be patented, or 

l2g) before the applicant's invention thereof the invention was made in this country by another who had not 
[ n abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only 
S tne respective dates of conception and reduction to practice of the invention, but also the reasonable diligence of 
one who was first to conceive and last to reduce to practice, from a time prior to conception by the other. 




§103. Condition for patentability; non-obvious subject matter 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior 
art are such that the subject matter as a whole would have been obvious at the time the invention was 
made to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall 
not be negatived by the manner in which the invention was made. . . . 

(c) Subject matter developed by another person, which qualified as prior art only under subsection (f) or (g) of 
section 102 of this title, shall not preclude patentability under this section where the subject matter and the 
claimed invention were, at the time the invention was made, owned by the same person or subject to an 
obligation of assignment to the same person. 



* Six months for Design Applications (35 U.S.C. 172). 
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